The SABRE (Systematic consolidation of Arabidopsis and other Botanical REsources) database cross-searches plant genetic resources through publicly available Arabidopsis information. In SABRE, plant expressed sequence tag (EST)/cDNA clones are related to TAIR (The Arabidoposis Information Resource) gene models and their annotations through sequence similarity. By entering a keyword, SABRE searches and retrieves TAIR gene models and annotations, together with homologous gene clones from various plant species. SABRE thus facilitates using TAIR annotations of Arabidopsis genes for research on homologous genes from other model plants. To expand the application range of SABRE to crop breeding, we have recently upgraded SABRE to SABRE2 (http://sabre.epd.brc.riken.jp/SABRE2. html), by newly adding six model plants (including the major crops barley, soybean, tomato and wheat), and by improving the retrieval interface. The present version has integrated information on >1.5 million plant EST/cDNA clones from the National BioResource Project (NBRP) of Japan. All clones are actual experimental resources from 14 plant species (Arabidoposis, barley, cassava, Chinese cabbage, lotus, morning glory, poplar, Physcomitrella patens, Striga hermonthica, soybean, Thellungiella halophila, tobacco, tomato and wheat), and are available from the core facilities of the NBRP. SABRE2 is thus a useful tool that can contribute towards the improvement of important crop breeds by connecting basic research and crop breeding.
Introduction
Arabidopsis thaliana is one of the most extensively used model plants for basic research. This is because of its various features required for a model experimental plant: its height is about 40 cm, it can grow with only the light from a fluorescent light in a laboratory and the length of one generation is as short as about 3 months. The whole genome sequence was determined in December 2000 (Arabidopsis Genome Initiative 2000) , the first time the genome of a higher plant had been determined. Following determination of the genome sequence, the international collaboration 'Arabidopsis 2010 Project' (Ausubel 2002) was started in 2001, aiming at investigating the function of about 27,000 entire genes of Arabidopsis. As a result, abundant information on genotypes and phenotypes of Arabidopsis is now available.
In the final year of the project, in June 2010, the Multinational Arabidopsis Steering Committee (MASC) proposed 'From bench to bountiful harvests' as a new target of Arabidopsis research (Lavagi et al. 2012) . In response to this announcement, many researchers throughout the world began to tackle the research and development for useful crops, making full use of the fruits of Arabidopsis research accumulated for decades.
Similarly, in other model plants, much effort has been made to integrate experimental data into genome information, such as in rice (Sakai et al. 2013) , wheat (Lai et al. 2012 ) and orchid (Tsai et al. 2013) . Those efforts are mainly on the genome, transcriptome and proteome levels, while data on the metabolome (Nakamura et al. 2013 ) and phenome (Cooper et al. 2013) levels are also accumulated and organized in databases. In order to provide an avenue to the real world for these the efforts, however, experimental materials are necessary: they are the resources to validate hypotheses obtained from the databases at the laboratory bench and to develop useful crops for producing the bountiful harvests.
In the Arabidopsis research community, the resource centers of Japan, the USA and Europe have collected, preserved and distributed experimental materials including genetic resources such as full-length cDNA clones, and the information center in On the other hand, genetic resources of model plants have also been collected by the National Bio-Resource Project (NBRP) of Japan (http://www.nbrp.jp/index.jsp). It is a project to improve the infrastructure of life science research in Japan, conducted by the Ministry of Education, Culture, Sports, Science and Technology. In this project, since the 2002 fiscal year, the systems of collection, preservation and provision have been established for bioresources, such as experimental animals, plants and microbes (systems, groups, tissues, cells and genetic materials of animals, plants and microbes and their information as research and development materials) that are important for the nation to organize strategically. The plant gene clones collected by the NBRP have been provided by their respective core facilities. Although most of them are derived from some major crops, no database has systematically connected those genetic resources with the Arabidopsis information.
We thus upgraded SABRE to SABRE2 by newly adding six model plants of the NBRP including major crops (wheat, barley, soybean and tomato) and by improving the retrieval interface, in order to utilize the Arabidopsis information for crop research.
Database Construction
Data sources SABRE2 integrated 14 plant genetic resources, as listed in Table 1 . They are gene clones from the model among model plants (Arabidoposis), a model for environmental research (T. halophila), a model of Brassica crops (Chinese cabbage), a world standard cell line (tobacco), a model of Solanaceae (tomato), models of legume (lotus and soybean), a model of a crop for biofuel (cassava), a model of a parasitic plant (S. hermonthica), a model of floricultural plants (morning glory), models of Gramineae (barley and wheat), a model of a tree (poplar) and a model of moss (P. patens). They cover many taxonomic groups and research purposes, and accordingly contribute to the plant science community overall. Most of them are full-length cDNA clones, which are essential resources for transgenic and protein synthesis to investigate biological functions of genes. The total number of the clones is consequently >1.5 million. All of them are actual genetic materials, and are available from the core facilities of the NBRP.
The information on the resources (taxonomy, description, etc.) and their gene clones (resource ID, clone ID and accession No.) was obtained from databases of the core facilities of the respective resources and the NBRP Information Center (Yamazaki et al. 2010) . The sequence data of the clones were obtained from the DDBJ (DNA Data Bank of Japan, http://www. ddbj.nig.ac.jp/, Kaminuma et al. 2010 ) based on the accession numbers. The DDBJ/EMBL/GenBank flat file entries of the clone sequences were also obtained from the DDBJ.
The information on the Arabidopsis gene models and their annotations was obtained from TAIR release 10. TAIR annotations targeted for keyword search (and their source download files) are AGI Gene Model ID, Description, Molecular Type (Genes/TAIR10_genome_release/TAIR10_functional_descripti ons), Protein Family, Protein Sub Family (Genes/Gene_families/ gene_families_sep_29_09_update.txt), Pathway, Reaction, Enzyme (Pathways/aracyc_pathways.20110406), Domain and InterPro (Proteins/Domains/TAIR10_all.domains). In TAIR, a gene model is defined as any description of a gene product from a variety of sources including computational prediction, mRNA sequencing or genetic characterization. Because a locus is defined as the genomic sequence corresponding to a transcribed unit in the genome, two or more gene models can exist for a given locus (e.g. gene models AT2G03340.1 and AT2G03340.2 for locus AT2G03340).
Cross-search of plant genetic resources
The workflow to cross-search plant genetic resources is illustrated in Fig. 1 . In SABRE, the TAIR gene models and gene clones are related based on the similarity of their sequences. Using a clone sequence as a query, BLASTN and BLASTX homology searches (Altschul et al. 1997 ) were conducted to the DNA sequences and the translated amino acid sequences of TAIR gene models, respectively, in advance (Fig. 1A) . The results of the search by BLASTN and BLASTX are stored in SABRE (Fig. 1B) . When a keyword is input, SABRE searches annotations of TAIR gene models for the keyword, retrieves TAIR gene models and their annotations, and extracts gene clones with sequences similar to the gene models (Homolog) from the BLAST search results (Fig. 1C) . This workflow enables the quick display of 'Homologs' in SABRE.
Database implementation
The structure and interface of SABRE2 is shown in Fig. 2 search results are stored for Homolog search. The DDBJ/EMBL/ GenBank flat file entries of the clone sequences are stored in the database constructed with the full-text search engine 'groonga' for Resource search. The CGI scripts are written in Perl5. The SABRE server system provides the search results by API.
The user interface on a web browser acquires information via Ajax, and generates a web page. SABRE is freely accessed through a web interface. Any PC or Smart Phone with a web browser is suitable as a Client, provided that JavaScript is enabled. Since both the quality and quantity of data changed a lot in SABRE2, the design and usability of the search page were greatly improved. Users can select a Resource set to search, in order to obtain only the required results from among the increased number of resources. The input fields are easy to understand what kind of words, e.g. Clone ID, Accession No. or TAIR Annotations, should be used for keywords. When inputting a keyword, some fields present candidates. These improvements make it easy to use SABRE2 also for those conducting research on plants other than Arabidopsis, such as crop breeding researchers.
Instructions
The homepage of SABRE2 (Fig. 3) 
Resource search
Gene clones are searched in the 'Retrieve Resource' zone (Fig. 3B) . Before searching, however, it is necessary to select a resource set in the 'Select Resource Set' zone (Fig. 3A) . The search result is displayed for the resource set. Resources can be selected by clicking the icons, or by using the pull-down menu. Resources are toggled between selected and unselected mode by using a SHIFT key. Once users select a resource set, the state is saved on the PC or other device.
After selecting the resource set to search ( Fig. 4A; 1) , enter the Resource/Clone ID, DDBJ/EMBL/GenBank Accession No. or keywords (2), click the 'Retrieve' button (3), and the results are displayed (Fig. 4B) . A pull-down menu can be used to obtain candidates for Resource/Clone ID and DDBJ/EMBL/GenBank accession No. On the results page, select 'Resource' in the pull-down menu (4), click a resource ID (in the 'rsc id' column) or a clone ID (in the 'clone id' column) (5), and a new window is opened to display details of the clone (Fig. 4C) . The details page is in the core facility site. Users can obtain information not only on the clone but also for ordering the clone on the page.
Homolog search
A cross-search of gene clones is executed in the 'Retrieve Homolog' zone (Fig. 3C) . After selecting the resource set to search ( Fig. 5A; 1) , enter the Resource/Clone ID or keywords (2), click the 'Retrieve' button (3), and the results are displayed (Fig. 5B) . TAIR annotations targeted for keyword search are AGI Gene Model ID, Description, Molecular Type, Protein Family, Protein Sub Family, Pathway, Reaction, Enzyme, Domain and InterPro.
On the results page (Fig. 5B) , click an AGI code (in the 'TAIR r10' column) (4), and a new window is opened to display the TAIR gene search results (Fig. 5C) . The page has link(s) to the Gene Model(s) page, where users can find all types of information on the gene model, including the function of the gene product obtained by dry and wet research and the relevant literature.
While selecting 'Alignment', 'Resource' or 'Homolog' (5), click a resource ID (in the resource columns) (6) , and a new window is opened to display an alignment of the clone and the TAIR gene model (Fig. 5D) , details of the clone (Fig. 5E) or homologs of the clone (Fig. 5F ), respectively. To add/remove resource columns in the homolog table, click 'Resource Set' ( Fig. 5B; 7) and select resources while pressing a SHIFT key (Fig. 5G) in the same way as done in the 'Select Resource Set' zone. To resume the Homolog search, click 'Clone/Resource ID' or 'TAIR Annotation' and enter the Resource/Clone ID (Fig. 5H) or TAIR keywords (Fig. 5I) , respectively.
To change the search criteria, click 'Option' and change the search parameters (Fig. 5J) . Users can change the target sequences (DNA or translated protein sequences), cut-off criteria (BLAST score, e-value or identities), the cut-off threshold and the maximum number of clones displayed in each cell in the homolog table (best, 10 or 25). According to the change in the parameters, the homolog table is rewritten each time. The changed parameters are saved on the PC or other device, and used for subsequent searches.
To change the contents of the TAIR annotation in the rightmost column of the homolog table, switch with the pulldown menu (Fig. 5K) . Annotation regarding a Short description, Curator summary, Computational description, Family, Pathway and Domain for each gene model is displayed, if any.
SABRE search box
The simplest usage of SABRE is to use the search box (Fig. 3E) . Just enter keyword(s) into the SABRE search box, click the loupe icon, and a result table is displayed. Click a number in the table, and the searched TAIR gene models are displayed, together with their homolog clones and annotations. As an example, if the keyword 'jasmonate' is input into the SABRE search box, 86 gene models are searched. Homolog(s) are found in plant species other than Arabidopsis for all of the gene models except one, when target sequences and cut-off threshold are set, respectively, to protein and e-value 0.1. Even if the cut-off threshold is raised to an e-value e-30, homolog(s) are still found for all of the gene models except six. As mentioned above, all of the homologs are available clones.
The search box can be set up by an in-line frame in websites and databases other than SABRE. Because the SABRE server system provides the search results by API, the other functions of SABRE can also be used in other websites or databases.
Conclusion and Future Direction
SABRE2 connects Arabidopsis information with genetic resources of crops, and thus connects basic research and crop breeding, which gives this database a unique position. Although the first version of SABRE also connected Arabidopsis information with plant genetic resources, the resources were limited to those of the BRC and did not include major crops. The upgrade of SABRE to SABRE2 integrated resources nationwide and added major crops (wheat, barley, soybean and tomato) to the database, which has increased the value of the database remarkably. It is also one of the unique features of SABRE that all the gene clones integrated in SABRE are actually available from the core facilities of the NBRP in Japan. We will continue to integrate plant resources to make SABRE more useful. Integration of other kinds of resources such as seeds and cultured cells into SABRE is also one of our future goals. It is expected that this database will promote the use of the resources and information of A. thaliana in broader areas of plant research and will lead us to the outcome to be able to contribute to the environment and to provision of food. 
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